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(57) In an apparatus provided with a plate type heat 
exchanger as a heater and/or a cooler and operated to 
treat a gas containing an easily blocking substance, a 
method for preventing the plate type heat exchanger 
from being blocked is disclosed which is characterized 
by i) setting the width of a flow path on a plate (1 A-1 D) 
of the plate type heat exchanger in the apparatus in a 
range of 6 - 25mm and ii) setting the average flow rate 
o1 the gas passing the plate type heat exchanger in the 
apparatus per unit cross-sectional area ot the flow path 
on the plate (1A-1D) in the range of 3 - l5m/8. In the 
exchange ot heat of an easily blocking substance by the 
use of a plate type heat exchanger, a method tor pre- 
venting the plate type heat exchanger from blockage is 
disclosed which has the plate type heat exchanger pro- 
vided in the port for introducing a gas containing an eas- 
ily blocking substance with a gas dispersion plate (40). 
This invention, in the heat exchange of an effluent gas 
emanating from a process tor the production of (meth) 
acrylic acid or an ester thereof or the disposal of the gas, 
significantly allays blockage ot the interior of the plate 
type heat exchanger. 
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Description 

BACKGROUND OF THE INVENTION 
Field ot the Invention: 

[CX>01] This invention relates to a method for preventing a plate type heat exchanger ironn blockage, and more par- 
ticularly to a method lor preventing a plate type heat exchanger used in an apparatus tor disposal of discharge gas 
from blockage. 

Descriptbn of the Related Art: 



[0002] The heat exchanger for effecting transfer ot heat between two fluids, one having a high temperature and the 
other a low temperature is one of the chemical machines which are used copiously in the chemical industry. The 
IS principle of the heat exchanger resides in exchange of heat between a fluid of a high temperature and a fluid of a bw 
temperature through the heating surface. 

[0003] Generally, the heat exchanger effects the exchange of heat by introducing a fluid aimed at exchanging heat 
and by cooling or heating into a heat exchange part in the apparatus. The heat exchange part is Icnown that there are 
various types such as the shelt-and-tube type which has a multiplicity of tubes bundled and inserted in a shell; the plate 

20 type which has heat transfer plates forming corrugated ribs or hemispheric ridges therein superposed and clamped 
through the medium of such gaskets as used In a fitter press and also has thin flow paths of a rectangular cross section 
each interposed between the adjacent plates and which effects exchange of heat between a fluid of high temperature 
and a fluid of low temperature by causing these fluids to flow through these flow paths on alternating levels; and the 
fin tube type which has heat transfer tubes provided on the inner and outer surfaces thereof with fins thereby enabling 
the heat transfer tubes to acquire an increased hoat transfer area with a view to exalting the efficiency o1 heat transfer. 
[0004] These heat exchangers are sorted by nature of use into (1) a heater which is a heat exchanger to be used 
for the purpose of heating a fluid to a required temperature without inducing the fluid to undergo phase change, (2) a 
preheater which is a heat exchanger to be used tor the purpose of heating a fluid in advance and enhancing the 
efficiency of the subsequent operation to be performed thereon, (3) a superheater which is a heat exchanger to be 

30 used for the purpose of heating a fluid till a superheated state. (4) a vaporizer which is a heat exchanger to be used 
for the purpose of vaporizing a fluid by application of heat, (5) a reboiler which is a heat exchanger to be used for the 
purpose of heating again a fluid which has been condensed in a device thereby vaporizing the fluid, (6) a refrigerator 
which is a heat exchanger to be used for the purpose of cooling a fluid till a required temperature, (7) a chiller which 
Is a heat exchanger to be used for cooling a given object to a very low temperature of not more than 0°C, (8) a condenser 

35 which is a heat exchanger to be used for the purpose of cooling a condensing gas till liquefaction by condensation. (9) 
a total condenser which is a heat exchanger to be used for the purpose of wholly condensing a condensing gas. and 
(10) a partial condenser which is a heat exchanger to be used for the purpose of liquefying part of a condensing gas 
by condensation and releasing the remainder of the gas in the form of gas. They are copiously used in these applica- 
tions. 

40 [0005] One example of the heat exchange to be effected by the use of the plate type heat exchanger will be described 
below with reference to Fig. 1. It is provided, however, that the outlets and the inlets for the heat exchanging gas and/ 
or other gas which will be described herein below may be reversed, depending on purpose or necessity In addition, 
the direction of installation of the heat exchanger does not need to be limited to verticality but may be selected, de- 
pending on the kind of gas or fluid to be handled and the purpose of use of heat exchanger. 

45 [0006] For a start, with reference to Fig. 1,10 denotes a shell, 11 a gas outlet, 12 a gas inlet, 22 a heat-exchanging 
gas introduction port, 23 a heat-exchanging gas discharge port, and 30 a heat exchange pan. 
[0007] In this heat exchanger, the gas which is aimed at exchanging heat is supplied through the heat-exchanging 
gas introduction port 22, then introduced into the heal exchange pari 30, and discharged through ihe heat-exchanging 
gas discharge port 23. The other gas for exchanging heat with the heat -exchanging gas is introduced into the shell 10 

50 through the gas inlet 11. then caused to exchange heat with the heat-exchanging gas efficiently in the heat exchange 
part 30 and while alter the flow path thereof, and guided out of the gas outlet. 

[0008] The gas processing device such as the plate type heat exchanger under discussion is generally used, while 
carrying out the processing, as a heater and/or a cooler for the purpose of retaining the required temperature or re- 
covering the heat. When the heat-exchanging gas happens to contain an easily blocking substance, it often gives rise 
55 to blockage between the adjacent plates. Since this blockage stops the device, the blocking substance must be removed 
artificially or chemically. When the device is intended for continuous mass production as in the production of a general- 
purpose chemical substance, the stop of the device forms the cause for lowering the efficiency of production. The 
method for installing two identical gas processing devices and putting them to use alternately may be conceived tor 
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the purpose o1 avoiding the trouble mentioned above. This method, however, proves unduly expensive. 
[0009] Further, the plate type heat exchanger generally has a smaller cross-sectional area in the gas Introduction 
port than in the heal exchange part. If the cross-sectional area in the gas introduction port is equalized with that in the 
inlet part ol the heat exchange part, the gas pipes will have to be enlarged and the cost of equipment will be consequently 

5 heightened. When the cross-sectional area in the gas introduction port and that in the heat exchange part are different, 
this difference forms a cause for lowering the ratio of heat exchange because the heat-exchanging gas is supplied in 
an increased amount to the central part of the heat exchanger and the gas is supplied in a decreased amount to the 
peripheral part of the heat exchanger. No contrivance whatever for uniformizing the supply of gas, however, has been 
made for the heat exchange part destined to introduce the heat-exchanging gas. 

10 [0010] Particularly when the heat-exchanging gas contains an easily blocking substance, an uneven ratio of heat 
exchange results in local generation of a blocking substance due to adhesion or accumulation of the easily blocking 
substance. Absolutely no countermeasure has ever been made with respect to this blockage. When the gas containing 
the easily blocking substance is the discharge gas generated during the process for producing acrylic acid, for example, 
this gas often contains easily blocking acrylic acid. When this gas is heat exchanged and then subjected to oxidizing 

is decomposition and discarded, therefore, the inten/als between the adjacent plates form blockage with the acrylic acid 
and other easily blocking substances contained during the heat exchange. When the gas containing the easily blocking 
substances is subjected to heat exchange as described above, the uneven supply of the gas degrades the thenmal 
efficiency and the concentration of the teed gas results in generating the blocking substance in part of the heat exchange 
part and consequently compelling the entire device to slop its operation. The use of this gas brings such problems as 

20 inducing adhesion of the blocking substance to the heating surface and consequently degrading the efficiency of heat 
transfer. All these disadvantages still remain yet to be solved. 

SUMMARY OF THE INVENTION 

2S [0011] The present inventors, after continuing various studies with a view to solving the problems montk^nod above, 
have acquired the following knowledge regarding the blockage of the plate type heat exchanger and have consequently 
perfected this invention. This invention is aimed at effectively preventing the plate type heat exchanger from blockage. 
After continuing a deliberate study on the construction of the plate type heat exchanger, they have found that the plate 
type heat exchanger can be prevented from blockage by setting the width of a flow path on a plate and the average 

30 rate of flow per unit cross sectional area of the flow path for the gas on the plate In respectively specific ranges, that 
the uniform supply of a gas to the heat exchange part can be attained by interposing a gas dispersion plate between 
the heat exchange part and the introduction port for the heat-exchanging gas, and that the occurrence of a btocking 
substance can be repressed effectively by disposing the gas dispersion plate properly. This invention has been per- 
fected as a result. 

35 [0012] Specifically, this invention provides for an apparatus furnished with a plate type heat exchanger as a heater 
and/or a cooler and adapted to process a gas containing an easily blocking substance a method for preventing the 
plate type heal exchanger from blockage, which method is characterized by i) setting the width of a plate flow path of 
the plate type heat exchanger in the apparatus in a range of 6 - 25 mm and ii) setting the average rate of flow of a gas 
passing the plate type heat exchanger in the apparatus per unit cross sectional area of the plate flow path in the range 

40 of3-15m/s. 

[0013] According to this invention, by setting the width of the plate flow path and the average rale of flow of the gas 
per unit cross-sectional area of the plate flow path in respectively specified ranges, it is made possible in the processing 
of an discharge gas containing an easily blocking substance as in the apparatus for the production of (meth)acrylic 
acid to prevent the plate type heat exchanger from blockage or to operate the plate type heal exchanger continuously 
45 a long time without an interruption. 

[0014] Further, this invention is aimed at providing for the heat exchange of a gas containing an easily blocking 
substance in the plate type heat exchanger, and provides a method for preventing the plate type heat exchanger from 
blockage by disposing a gas dispersion plate in a gas introduction port for the gas containing the easily blocking sub- 
stance. 

so [0015] According to this invention, since the gas containing the easily blocking substance is uniformly dispersed in 
the heat exchange part in the plate type heat exchanger, the occurrence of the blocking substance during the uneven 
supply of the gas in the heat exchange part can be repressed. When the gas containing the easily btocking substance 
contacts a structure while the gas is being dispersed unevenly, the gas adheres to the surface of contact and accu- 
mulates thereon and eventually gives rise to a blockage. The method of this invention succeeds in repressing the 

55 adhesion and accumulation of the gas to the surface of contact and preventing the eventual formation of blockage 
because the disposition of the dispersion plate results in enabling the gas to be evenly dispersed in the heat exchange 
part. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Fig. 1 is a perspective view illustrating the flows of gases through the gas flow paths to be used In effecting 
heat exchange in a plate type heat exchanger. The plate flow path used for the heat-exchanging gas is indicated by 
5 black arrow marks and the plate flow path for the other gas by empty arrow marks. 

[0017] Fig. 2 is a schematic diagram illustrating one example of the relation between a plate and a gas flow path in 
the plate type heat exchanger. 

[0018] Fig. 3 is a perspective view illustrating a plate type heat exchanger provided with a gas dispersion plate. The 
flow path for the gas containing an easily blocking substance is indicated by black arrow marks and the flow path for 
10 a fluid is indicated by empty arrow marks. 

[0019] Fig. 4 is a perspective view of a gas dispersion plate assuming a square shape* possessing circular holes, 
and proving preferable for use in the method of this invention. 

[0020] Fig. 5 is a plan view of a gas dispersion plate assuming a circular shape, possessing circular holes of varying 
sizes, and proving preferable for use in the method of this invention. 
15 [0021] Fig. 6 is a schematic diagram for explaining the preferred position for disposing a gas dispersion plate in a 
plate type heat exchanger which is provided with such a gas dispersion plate. 

[0022] Fig. 7 is a diagram schematically illustrating one example of the process flow of an apparatus provided with 
a plate type heat exchanger and used for processing a waste gas from the reaction of catalytic oxidation. 
[0023] Fig. 8 is a diagram schematically illustrating one example of the flow of a process furnished with a plate type 
20 heat exchanger and used for the production of acrylic acid. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0024] The first aspect of this invention, in an apparatus provided with a plate type heat exchanger as a heater and/ 

25 or a cooler and operated for processing a gas containing an easily blocking substance, concerns a method for pre- 
venting the plate lype heat exchanger Irom blockage, which is characterized by i) setting the width of a flow path on a 
plate of the plate type heat exchanger in the apparatus in a range of 6 - 25 mm and li) setting the average rate ot flow 
of a gas passing the plate type heat exchanger in the apparatus per unit cross sectional area of the flow path on the 
plate in the range of 3 - 15 m/s. 

30 [0025] The plate type heat exchanger to be used in this invention may be any of the known devices which pass under 
this designation. The plate type heat exchanger, unlike the tube type heat exchanger, uses plates instead of tubes in 
the heat transfer part and, owing to the utilization of the entire surface of this plate for a heat transfer plate, enjoys very 
high thermal efficiency and permits easy miniaturization of the apparatus. The heat transfer plate is generally a thin 
metal plate which is endowed with a uneven surface or a corrugated surface in consideration of flow path, strength, 

3$ and heat transfer area. Many such metal plates may be superposed after the fashion of a filter press and used for 
effecting heat exchange by passing fluids through the intervening spaces in the alternate levels. 
[0026] This invention concerns an apparatus which is provided with a plate type heat exchanger as a heater andADr 
a cooler, adapted to process a gas containing an easily blocking substance, and characterized by setting the width of 
a plate flow path of the exchanger in a range of 6 - 25 mm and setting the average rate of flow of a gas passing the 

40 plate type heat exchanger in the apparatus per unit cross sectional area of the plate flow path in the range of 3 - 15 
m/s. The apparatus for processing the gas in this manner is only required to incorporate therein at least one plate type 
heat exchanger and allowed to incorporate additionally therein a heat exchanger ot other kind, a gas burner, a gas 
oxidizing reactor columns, tanks, a gas transferring blower, a temperature measuring device, a pressure measuring 
device, and a pressure controlling valve. 

45 [0027] The gas containing the easily blocking substance which is introduced into the plate type heat exchanger in 
the present invention may be the gas used in the process for producing (meth)acrylic acid or an ester thereof by the 
. reaction of catalytic gas phase oxidation of propane, propylene, isobutylene, acrolein, or methacrolein or the gas dis- 
charged from this process. In the case of producing (melh)acrylic acid by the reaction of catalytic gas phase oxidation, 
for example, the reaction of oxidation by-products impurities in addition to the compound aimed at thereby. The pro- 

so duction, therefore, requires a step lor purifying the target compound by separating other components and performs 
such steps as collecting the target compound from the gas by introducing it into counter-flow contact with a collection 
solution and subsequently supplying the target compound with the collection solution to a distillation column, for ex- 
ample, thereby separating and removing low boiling compounds and high boiling compounds. In the process of this 
kind, the gas formed by the reaction and discharged from the reactor and the gas discharged from the distillation column 

ss etc. in each step of purification contain (meth)acrylic acid and the following easily blocking substances. Since the 
reaction of catalytic gas phase oxidation itself is an exothermic reaction and the gas is formed by this reaction at a 
high temperature, the distilling operations at the subsequent steps frequently resort to such a heat -exchanging oper- 
ation as heating the solution to a level exceeding the boiling point or cooling the solution which results from a refluxing 
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treatment. Part of the gas generated in this process is possibly recycled for reuse to other steps in the same process. 
These steps invariably generate a discharge gas to be wasted and this gas possibly entrains an easily blocking sub- 
stance. The gas destined to be discarded also has the possibility of being cooled with the heat exchanger prior to the 
final treatment and released into the atmospheric air or being further subjected to other treatment and then discarded. 

5 The heat-exchanging treatment is resorted to not only in heating or cooling the gas under treatment for the purpose 
of adjusting the temperature thereof to the temperature at which the gas is used in the subsequent step but also in 
recovering the thermal energy possessed by the gas while the gas itself is not required any longer. The method of this 
invention, therefore, is applicable not exclusively to the discharge gas coming out from a process for the production of 
a specific compound but extensively to a wide variety of gases which contain an easily blocking substance. Incidentally, 

10 the method of this invention is applied particularly preferably to an apparatus for treating the discharge gas arising 
from the production of (meth)acrylic acid and esters thereof. Since the process of this type generates the easily blocking 
substance in a large amount and this process alt by itself emits a gas of high temperature and a gas requiring application 
of heat in adjoining zones, the heat exchange performed between these two gases proves highly efficient. 
[0028] The expression 'gas containing a blocking substance" as used herein does not need to be partcularly dis- 

15 criminated so long as it is capable of blocking a plate type heat exchanger. The gas is only required to be in a gaseous 
state when it is Introduced into the heat exchanger. It Is even allowed to contain a liquid substance or a floatable solid 
substance. As concrete examples of the substance of interest, acrylic acid, methacrylic acid, maleic acid, esters thereof, 
siyrene, and acrylonitriie may be cited. The gas is further allowed to contain a high boiling substance, a solvent, a 
subliming substance, and other mixtures. As concrete examples of the blocking substance in the case of production 

20 of acrylic acid and acrylic esters, for instance, acrolein, maleic acid, terephthalic acid, and formalin-mixed substances 
which are by-produced in the manufacture of acrylic acid by the reaction of catalytic gas phase oxidation nnay be cited 
besides acrylic acid and acrylic esters. 

[0029] Specifically, the gas generated or used in a device included in a process for the catalytic gas phase oxidation 
of (meth)acrylic acid such as, for example, a device in the process furnished with a reactor for the oxidation of propylene 
2S or a reactor for the oxidation of acrolein; the gas goneratod in a process for the production of (moth)acrytic acid, an 
ester therof, or maleic acid; and the gas discharged from a refining step for disposal of the gas which remains after 
the recovery of the target component from the gas mentioned above may be cited. 

[0030] Since the method of this invention is effective when at least one of the gases introduced into the plate type 
heat exchanger contains an easily blocking substance, it does not require the two gases intended for mutual exchange 

30 of heat to be both discharge gases arising from the step for production of a specific compound. The heat exchange, 
when performed between gases which are generated or used nearby the site of heat exchange, proves efficient because 
the heat loss occurs only sparingly. The heat exchange of the two gases generated or used in a process tor the pro- 
duction of (meth)acrylic acid by the reaction of catalytic gas phase oxidation may be cited as a typical example. 
[0031] The process for producing acrylic acid is illustrated in Fig. 6. With reference to Fig. 8, 1 denotes a heat ex- 

35 changer, 1 0 denotes a reactor for catalytic gas phase oxidation, 11 and 22 each denote a heat exchanger, 20 denotes 
an acrylic acid collection column, 21 denotes a packing material, 23 denotes a collection solution, 24, 25. 33, and 45 
each denote a waste gas, 26 denotes a tank, 30 denotes a low boiling substance separation column, 31 and 41 each 
denote a condenser, 32 denotes a reboiler, 40 denotes a high boiling substance separation column. 42 denotes a 
reboiler, 43 denotes an acrylic acid as a product, and 44 denotes a discarded organic substance. The raw material 

40 gas is supplied to the reactor (10) for catalytic gas phase oxidation, treated in the acrylic acid collection column (20) 
for the collection of acrylic acid with a collecting solution, and then purified by being passed through the low boiling 
substance separation column (30) and the high boiling substance separation column (40). The acrylic acid consequently 
produced is acquired via the top of the high boiling substance separation column (40). 

[0032] As a concrete example of the heat exchange to be performed on a gas generated or used in a device in the 
45 process for catalytic gas phase oxidation of (meth)acrytic acid, the heat exchange between (i) a mixed gas of at least 
one member selected from the group consisting of a molecular oxygen-containing gas, steam, and an inert gas with 
propylene and (ii) a gas formed by a reaction and emanating from a catalytic oxidation reactor may be cited. Oxygen 
gas may be used as the molecular oxygen-containing gas, nitrogen gas, carbon dioxide gas, or the like may be used 
as the inert gas, and air may be used as the combination of the molecular oxygen-containing gas and the inert gas. 
so The Inert gas involved herein embraces the case of using lonely a gas component which remains after the removal of 
such an economic component as (meth)acrylic acid from the gas formed by the reaction of catalytic gas phase oxidation 
of (melh)acrylic acid and the case of using this gas component as mixed with the inert gas mentioned above. 
[0033] Further, the heat exchange between the waste gas arising from the process for the production of (meth)acrylic 
acid and the gas obtained by subjecting the gas to an oxidizing treatment is conceivable. A schematic flow of an 
55 apparatus provided with a plate type heat exchanger and used for treating the waste gas emitted in the reaction of 
catalytic oxidation is illustrated in Fig. 7. With reference to Fig. 7, 110 denotes a reactor for catalytic oxidation, 120 
denotes a first plate type heal exchanger. 130 denotes a second plate type heat exchanger, 140 denotes a device for 
heat recovery. 150 denotes a stack. 160 denotes a blower for waste gas. 170 denotes a recycle blower. 180 denotes 
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a temperature adjusting vatve. and 190 denotes a tennperature adjusting valve. One example of the apparatus for 
treating a waste gas by the application of the method of this invention will be described below with reference to Fig. 7. 
The apparatus for treatment mentioned above has no restriction except the capability of effecting heat exchange be- 
tween "a waste gas containing an easily blocking gas* and "other gas" by the use of a plate type heat exchanger and. 

5 at the same time, incineration of a combustible substance contained in the waste gas by the use of a reactor for catalytic 
oxidation which is annexed to the apparatus. The apparatus may be provided with two or more heat exchangers and 
may be provided with a blower, a flow rate adjuster, a temperature adjuster, etc. in addition to the heat exchanger and 
the reactor for catalytic oxidation. As a preferred example of the application of this invention by the use of this apparatus, 
the preheating of waste gases 24, 25, 33. and 45 illustrated in Fig. 8 may be cited. To preheat 'the waste gas,* the 

10 thermal energy generated by the decomposition of oxidation is utilized as the thermal energy for implementing the heat 
exchange between "the waste gas" and "the gas arising from the decomposition of oxidation." The exhaust gas, for 
example, is transferred by the blower 160 to the reactor for oxidation 110 via the heat exchangers 120 and 130 and 
the combustible substance contained therein is subjected to a treatment of combustion in the reactor 110. As the other 
gas with which the waste gas exchanges heat in the heat exchangers 1 20 and 1 30, the gas of decompositbn discharged 

IS from the reactor 110 for oxidation is used. Since the catalytic oxidation in the reactor 110 for oxidation is an exothermic 
reaction and the gas discharged from the reactor tor oxidation entrains thermal energy copiously this thermal energy 
is used in preheating the waste gas introduced into the reactor lor oxidation. The flow paths for the waste gas and the 
gas from the decomposition of oxidation which are necessary for realizing this heat exchange may be formed by properly 
laying pipes. In the apparatus of Fig. 7. part of the gas discharged from the reactor 110 for oxidation may be introduced 

20 into the heat exchanger 130, part thereof circulated by the manipulatbn of the valves 1B0 and 190 to the reactor 110 
through the medium of the recycle blower 170, and part thereof introduced into the heat recovery device 140. The gas 
of decomposition which is discharged from the reactor for oxidation can be utilized for preheating the exhaust gas and, 
at the same time, enabled to lower the temperature of itself by means of the heat exchanger 120 and finally enabled 
to optimize the temperature of itself while being discharged from the stacic 150. 

[0034] As concrete examples of the waste gas arising from the process for the production of acrylic acid, the gas 
discharged solely from the step of purification without reference to the step for catalytic gas phase oxidation may be 
cited besides the residual gas which remains after the gas produced in the reactor for catalytic gas phase oxidation 
has been refined in the next step. Other gases may be embraced in such examples on the condition that they contain 
a discharge gas. 

30 [0035] In the apparatus provided with the plate type heat exchanger as a heater and/or a cooler and operated to 
treat a gas containing an easily blocking substance, the blockage of the plate type heal exchanger with the gas con- 
taining the easily blocking substance results from 1 ) adhesion of the easily blocking substance to the plates, 2) growth 
of the bulk of adhering blocking substance, and 3) formation of bridges of the bulk between the adjacent plates. 
[0036] For this invention to prevent the blockage, it requires to set 1 ) the widths of flow paths on the plates in the 

35 range of 6 - 25 mm, preferably 8 - 20 mm, with a view to precluding the formation of bridges of the easily clogging 
substance and 2) the average flow rate of the passing gas per unit cross-sectional area of the flow rates on the plates 
in the range of 3 - 15 m/s, preferably 5-12 m/s. with a view to increasing the effect of cleaning the adhering substance 
with the energy of collision of the passing gas. 

[0037] The plates in the plate type heat exchanger which can prevent the blockage in this invention are not particularly 
restricted in shape. Plates of various shapes such as dimpled plates and corrugated plates may be used in addition 
to the flat plates which are in popular use. The inlet parts of these plates are generally formed of flat plates by reason 
of ease of fabrication. 

[0038] The layout of the plates is not restricted except it is capable of preventing the two gas flows subjected to 

exchange of heat from mixing and effecting the heat exchange therebetween as expected. The two gas flows subjected 
45 to the exchange of heat may be in a perpendicular pattern as illustrated in Fig. 1 besides the counter-flow pattern and 
the parallel flow pattern. 

[0039] Fig. 2 is a schematic diagram illustrating one example of the relation between the plates and the gas flow 
paths in the plale type heal exchanger. To effect the exchange of heat between two gases by the use of plates, at least 
two gas flow paths are required. One of the flow paths is formed by enclosing this flow path with plates 1 b and 1 c and 
50 vertical plates 4a and 4b. The gas flow A occurring in this flow path descends the flow path which is enclosed with the 
plates 1 b and 1 c and the vertical plates 4a and 4b. In Fig. 2, the gas flow A is assumed to pass the gas containing an 
easily blocking substance. 

[0040] The plates arc heat transfer plates which are generally formed of a thin metallic plate such as stainless steel 
plate which, when necessary in consideration of such factors as course of flow, strength, and heating surface area, is 
55 vested with a uneven surface (not shown). The gas flow A, while exchanging heat through the medium of the plates 
1b and 1c, advances downward through the flow path formed as described above without being mixed with other gas 
flows B1 and B2. Another gas flow B1 advances backward from the front through the flow path formed as enclosed 
with the plates la and 1b and the lateral plates 2a and 2b while exchanging heat with the gas flow A through the 
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medium of the plate 1 b without being mixed with the other gas flow. The other gas flow B2 similarly advances backward 
from front through the flow path formed as enclosed with the plates 1c and 1d and the lateral plates 2c and 2d while 
exchanging heat with the gas flow A through the medium of the plate 1c without being mixed with the other gas flow. 
[0041] In the plate type heat exchanger when the gas destined to exchange heat through the plates is a gas which 
contains an easily blocking substance, the flow paths which passes this gas has the possibility of posing the problem 
of blocking the flow path with the easily blocking substance. This invention prevents the blockage of the plates with 
the easily blocking substance by adjusting the width "W" of the flow paths for the gas containing the easily blocking 
substance on the plates and the average flow rate per unit cross-sectional areas of the flow paths of the plates within 
respectively specified ranges 

10 [0042] The expression "width of flow paths on plates" as used herein refers to the width of the mouth of the gas flow 
path formed by the plates, i.e. the portion denoted by W in Fig. 2. When the plates are dimpled plates or corrugated 
plates and not flat plates, the width W of the flow paths on the plates contemplated by this invention is expressed as 
follows. 

IS 

Width W of flow path on plate = (Area of flow path mouth in 
cross section perpendicular to the direction of gas 
flow)/(Length L of flow path mouth) 

[0043] Then, the average flow rate per unit cross-sectional area of flow path on plate may be expressed by the 
following formula using relevant symbols of Fig. 2. 

25 

Average flow rate = (Flow volume of gas in inlet part of 
plate)/[Width W of flow path on plate x Length L of flow path 
mouth X (Number of flow paths)] 

30 

[0044] If the width of the flow path on the plate is less than 6 mm. the easily blocking substance will easily form 
bridges between the adjacent plates. Conversely, if the width exceeds 25 mm, the excess be at a disadvantage in 
lowering the average flow rate of the gas containing the easily blocking substance and exalting the adhesion of a 
3S deposit to the plates lb. ic which are heating surfaces. The excess also brings such economic disadvantages as 
lowering the coefficient of heat transfer of the plates and necessitating an addition to the size of the heat exchanger 
The decrease of the average flow rate of gas could be prevented by reducing the number of flow paths in the heat 
exchanger or reducing the lengths of the flow path mouths. This measure is not economk:al because It requires addi- 
tional plates in the direction of flow of the gas containing the easily blocking substance with a view to securing the 
40 heating surfaces for the exchange of heat, compels the relevant devices to Incur exaggerated pressure loss, obliges 
blowers and other devices to enlarge their sizes, and consequently boosts the running cost of the apparatus. 
[0045] For this invention to prevent the blockage of the heat exchanger with the easily blocking substance, it is 
required to set the average flow rate of the gas per unit cross-sectional area of the flow paths on the plates in the range 
of 3 - 15 m/s. If the average flow rate is less than 3 m/s, the shortage will be at a disadvantage in inducing a decline 
46 in the coefficient of heat transfer of the plates, preventing the heat exchange from proceeding sufficiently, and aggra- 
vating adhesion of blocking substance to the plates which are heating surfaces. Conversely if the average flow rate 
exceeds 15 m/s, the excess will be at a disadvantage in aggravating adhesion of blocking substance to the plates by 
decreasing the width of flow paths on the plates. It also brings such economic disadvantages as compelling the devices 
to incur exaggerated pressure loss, obliging blowers and other devices to enlarge their sizes, and consequently boost- 
so ing the running cost of the apparatus. The width W of plates could be increased by decreasing the number of flow 
paths or the length of flow paths of the plate type heat exchanger. This measure is at a disadvantage in requiring 
additional plates in the direction of flow of the gas containing the easily blocking substance with a view to securing the 
heating surfaces for the exchange of heat and similarly compelling the relevant devices to incur exaggerated pressure 
loss. 

55 [0046] This invention is only required to set the width of a plate flow path of the plate type heat exchanger in a range 
of 6 - 25 mm and the average rate of flow of a gas passing the plate type heat exchanger per unit cross-sectional area 
of the plate flow path In the range of 3 • 15 m/s. It does not need to impose any restriction on the cross-sectional size 
of the plate flow paths or on the number of flow paths. 
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[0047] Moreover, the plate type heat exchanger is intended to exchange heat between two gas flows, i.e. to preheat 
or cool a given gas. It. therefore, allows the kinds of gases in the gas flow containing an easily blocking substance and 
the other gas flow and the directions of such gas flows involved in the exchange of heat to be arbitrarily selected. 
Specifically, when the gas containing an easily blocking substance is subjected to heat exchange, it suffices that the 

5 flow path for the gas containing the easily blocking substance has only to fulfill the requirements on the width of the 
flow paths on the plates and the average flow rate of the gas per unit cross-sectional area of the flow paths on the 
plates specified above. In Fig. 2, the width of flow paths on plates and the average flow rate of gas are defined with 
the gas containing an easily blocking substance taken as the flow A. When the other gas flows B1 and B2 are fornrted 
of gases which invariably contain an easily blocking substance, the effect of preventing the blockage of the plates 

10 contenrtplated by this invention can be attained by adopting the specifications mentioned above for both the gas flows 
B1 and 82: 

[0046] The second aspect of this invention, in the operation of a plate type heat exchanger tor effecting exchange 
of heat on a gas containing an easily blocking substances, concerns a method for preventing the plate type heat 
exchanger from blockage of the blocking substance by providing the plate type heat exchanger in the port for Introducing 

IS the gas containing the easily blocking substance with a gas dispersion plate. 

[0049] According to this invention, the ratio of heat exchange can be enhanced by uniformly dispersing the heat- 
exchanging gas in the heat exchange part and, particularly when the heat-exchanging gas Is a gas containing an easily 
blocking substance, the partial cooling or heating of the gas containing the easily blocking substance and the conse- 
quent generation and adhesion of the blocking substance can be precluded by the uniform dispersion. Generally, in 

20 the purilication of a readily polymerizing substance, the practice of adding a polymerization inhibitor to the purification 
column is observed sometimes. They are generally high boiling substances. The gas containing the easily blocking 
substance, therefore, does not contain the polymerization inhibitor sufficiently. When this gas is partially cooled, the 
readily polymerizing substance tends to give rise to a blockage in consequence of condensation. The condensation 
and the generation of a blockage occur easily when the ratio of heat exchange is not uniform and the condensate is 

2$ suffered to stagnate partly for a relatively long time. In contrast, when the gas is partly heated, the rise of temperature 
exalts the polymerizing property of the easily polymerizing substance and induces this substance to produce a blocking 
substance. When the introduced gas is an easily blocking substance, therefore, the fact that the heat exchange is 
carried out after the gas has been uniformly dispersed enhances the ratio of heal exchange and prevents the generation 
of a blocking substance as welt. It has been heretofore held that an addition to a structure results in increasing the 

30 surface of contact with the gas containing an easily blocking substance and accelerating partial condensation and 
stagnation of liquid. It has been ascertained by this invention that the provision of the gas dispersion plate between 
the port for gas introduction and the heat exchange part permits exceptionally effective prevention of the occurrence 
of the blockage with the easily blocking substance. 

[0050] The method for preventing the blockage according to this second aspect of the present invention, therefore, 
3S may be embodied by disposing the gas dispersion plate in the plate type heat exchanger being used in the method for 
preventing the blockage according to the first aspect of this invention. Even by disposing the gas dispersion plate in 
the plate type heat exchanger independently of this invention, the blockage of the easily blocking substance which 
occurs during exchange of heat can be prevented. Now, the invention will be described below with reference specifically 
to the disposition of the dispersion plate. 
40 [0051] In this invention, the plate type heat exchanger is preferred to be provided in the port for introducing the gas 
containing the easily blocking substance with the gas dispersion plate. The cross-sectional area of this gas dispersion 
plate is preferred to be 1.0 -10.0 times the cross-sectional area of the port for introducing the gas. The distance between 
the port for introducing the gas and the gas dispersion plate is preferred to be 0.5 - 3.0 times the diameter of the port 
for the introduction of the gas and the distance between the gas dispersion plate and the heat exchange part to be 1.0 
4S - 5.0 times the distance between the port for introducing the gas and the gas dispersion plate. Then, the gas dispersion 
plate is preferred to be a perforated plate having an opening ratio in the range of 1 0 - 60%. Further, the individual holes 
in the perforated plate are preferred to have an area in the range of 20 - 1000 mm?. The specifications mentioned 
above will be described more specifically bebw. 

[0052] This invention prefers a gas dispersion plate for preventing the gas from channeling to be disposed, as iilus- 
so trated in Fig. 3, in the port for introducing the gas containing an easily blocking substance into the plate type heat 
exchanger. Though the gas dispersion plate is a perforated plate in kind, for example, it does not need to be limited 
thereto, in due consideration of the contribution of the dispersion plate Kself to the prevention of the blockage, the 
dispersion plate to be selected is preferred to have as wide a flow path as permissible and a simple structure. With 
reference to Fig. 3 and Fig.5, 1 0 denotes a shell, 1 1 a gas outlet, 1 2 a gas inlet, 22 a port for introducing a gas containing 
55 an easily blocking substance. 23 a port for discharging a gas containing the easily blocking substance, 30 a heat 
exchange part, 32 a plate, 40 a gas dispersion plate, and 42 a support of the dispersion plate. 
[0053] This invention disposes the gas dispersion plate between the port for introducing the gas and the heat ex- 
change part. The gas dispersion plate is preferred to have a cross-sectional area in the range of 1.0 -10.0 times, 
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preferably 1.2 - 8.0 times, and particularly preferably 1.5 - 6.0 times the cross-seclicwia! area of the port for the intro- 
duction of the gas. The port for the introduction of the g^s generally has a smaller cross-sectional area than the heat 
exchange part in order that it may be connected with a gas pipe adapted to introduce a gas into the apparatus for 
treating the gas. The cross-sectional area of the heat exchange part is generally in the range of 2 - 1 00 times the cross- 
sectional area of the port for the introduction of the gas. The reason for the range specified above is that the gas partly 
escapes dispersion and the gas dispersion plate therefore permits sufficient gas dispersion only with difficulty when 
the cross-sectional area of the gas dispersion plate is less than 1 times the cross-sectional area of the port for the 
introduction of the gas. whereas the dispersion plate possibly gives rise to blockage when the cross-sectional area 
exceeds 10.0 times that of the port. 

[0054] The gas dispersion plate may be devoid of a through hole. When it is perforated, however, it is enabled to 
disperse the gas with enhanced uniformity. The perforated plate containing such through holes is illustrated in Fig. 4. 
The dispersion plate to be used herein has an opening ratio in the range of 1 0 - 60%, preferably 20 - 56%, and particularly 
preferably 40 - 50%. If the opening ratio is less than 10%, the shortage will be at a disadvantage in failing to permit 
the uniform dispersion of the gas appropriate for the perforation of the plate and suffering the dispersion plate to give 
rise to blockage. Conversely, if the opening ratio exceeds 60%. the excess wilt be at a disadvantage in increasing the 
amount of the gas passing the dispersion plate and consequently bringing the possibility of obstructing uniform dis- 
persion of the gas. The expression "the cross-sectional area of the gas dispersion plate* as used herein means the 
surface area of the flat surface pan where the opening ratio is 0%. When the gas dispersion plate is furnished with 
numerous holes by perforation as illustrated in Fig. A., the actual surface area of the flat surface is given by this ex- 
pression, 

Cross-sectional area x (100 - opening ratio)/100. 
The opening ratio is given by this expression, 

(Surface area of openings x 1 00)/cross-sectional area 
of the gas dispersion plate. 

[0055] Fig. 4 depicts a square plate which is furnished with circular through holes formed by perforation. The gas 
dispersion plate contemplated by the present invention is only required to be in the form of a plate. The shape of the 
plate may be circular, elliptic, triangular, rectangular, and so on. The through holes formed in the plate may be in 
triangular and rectangular shapes as well as in circular and elliptic shapes. Though the holes are preferred to be 
uniformly distributed in the gas dispersion plate, they do not need to be wholly Identical in shape. Fig. 5 depicts a gas 
dispersion plate which is furnished with circular holes with varying diameters. This invention allows holes of varying 
sizes to be distributed as illustrated In Fig. 5. 

[0056] The dispersion plate to be used in this invention is preferred to contain holes of a size in the range of 20 - 
1000 mm^, preferably 50 - 700 mm^, and particularly preferably 100 - 500 mm^. If the size is less than 20 mm^, the 
shortage will be at a disadvantage in inducing the holes to be blocked, impeding the final uniform dispersion of the gas 
in the heat exchange part, and possibly compelling the heat exchange part to give rise to blockage. Conversely, if the 
size exceeds 1000 mm^, the excess will be at a disadvantage in not enabling the gas dispersion plate to produce 
sufficient dispersion of the gas after elapse of time and possibly suffering the heat exchange part to give rise to blockage. 
[0057] Generally, the dispersion of the gas is varied by the site of disposition of the gas dispersion plate. The dispo- 
sition of the dispersion plate to be used in this invention will be described below with reference to Fig. 6. In this invention, 
the distance (Ln) between the port for introducing the gas and the gas dispersion plate is in the range of 0.5 - 3.0 times, 
preferably 0.6 -2.5 times, and particularly preferably 0.8 - 2.0 times the diameter (An) of the port for the introduction of 
the gas and, at the same time, the distance (Lt) between the gas dispersion plate and the heat exchange part is in the 
range of 1 .0 - 5.0 times, preferably 1 . 1 • 4.0 times, and particularly preferably 1 .2 - 3.0 times the distance (Ln) between 
the port for the introduction of the gas and the gas dispersion plate. If the distance (Ln) is less than 0.5 times the 
diameter (An), the shortage will be at a disadvantage in suffering the gas entering the port for the introduction of the 
gas to collide in an undispersed state against the surface of the gas dispersion plate and therefore tending to block 
the surface of the gas dispersion plate. Conversely, if this distance exceeds 3.0 times the diameter (An), the excess 
will be at a disadvantage in rendering the dispersion of the gas insufficient because of the Insufficiency of amount of 
the gas allowed to contact the gas dispersion plate. Further, if the distance (Lt) is less than 1 .0 times the distance (Ln), 
the shortage wilt be at a disadvantage in preventing the gas from being sufficiently dispersed in the heal exchange 
part which approxinnates most closely to the gas dispersion plate. Conversely, if this distance (Lt) exceeds 5.0 times 
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the distance (Ln). the excess will be at a disadvantage in necessitating an elongation of the channel of the heat ex- 
changer. The port for the introduction of the gas does not need to be limited to a circular shape but may assume a 
triangular or polygonal shape. When the port tor the introduction of the gas is in a circular shape, the diameter of the 
port for the introduction of the gas means the inside diameter thereof. When the port for the introduction of the gas is 

5 not in a circular shape, the numerical value given by the expression. 4 x the cross-sectional area of the port for the 
introduction of the gas/the inner peripheral length of the port of the introduction of the gas is used as the inside equivalent 
diameter in the computation of the distance (Ln) between the port tor the introduction of the gas and the gas dispersion 
plate. The gas dispersion plate is preferred to be disposed parallelly or substantially parallelly to the surface for gas 
contact of the heat exchange part which is positioned most closely to the gas dispersion plate. 

10 [0058] The plate type heat exchanger to be used in this invention is provided with the gas dispersion plate. The 
disposition of the dispersion plate is easily attained by suspending the gas dispersion plate with one or more supports 
of gas dispersion plate as illustrated in Fig. 6. Where the exchange of heat is effected on the gas containing an easily 
blocking substance, the apparatus by nature is preferred to have no structure interposed between the port for the 
introduction of the gas and the heat exchange part. When the gas containing an easily blocking substance contacts a 

IS structure, if any. the gas containing the easily bbcking substance adheres to the surface of this structure and accu- 
mulates thereon and eventually tends to form a bridge thereon. For the purpose of dispersing the introduced gas more 
uniformly, it is allowable to dispose a plurality of such dispersion plates within the ranges mentioned above. 
[0059] The gas dispersion plates and the supports of gas dispersion plate are preferred to be formed of steel mate- 
rials. Such known steel materials as auslenite type steel materials, austenite territe type steel materials, and ferrlte 

20 lype steel materials are usable favorably on account ol proper weldabilily The reason for the choice of these materials 
is that these materials are incapable of reacting with the easily blocking substance, denaturing the easily blocking 
substance, and corroding the heat transfer plate. 

[0060] This invention, owing to the provision of the gas dispersion plate, not only effects dispersion of the gas but 
also prevents the easily blocking substance from forming a blockage. 

2S [0061] Further, in this invention, the use of the gas in the plate type heat exchanger at a temperature exceeding the 
dew point of the gas, preferably at a temperature of not less than the dew point + S^'C, is effective in allaying the 
adhesiveness of the easily blocking substance to the plate type heat exchanger besides the selection of the width of 
plate and the selection of the average flow rate of the gas per unit cross-sectional area of the flow path of plate mentioned 
above. The reason for this choice of the temperature is that at a temperature below the dew point, liquid drops adhere 

30 to the surface of the plate and the easily blocking substance tends to adhere to the plate through the medium of the 
liquid drops. By keeping the gas in a dry atmosphere between the plates which border on the flow of the gas containing 
the easily blocking substance, it is nnade possible to prevent the easily blocking substance from adhering to the plates 
and accumulating thereon. 

[0062] The method of this inventon is preferred to be performed in the apparatus for disposing of the waste gas 
3S emanating from the process for producing (meth)acrylic acid and esters thereof. It is particularly preferable to implement 
this method by introducing the waste gas into the plate type heal exchanger, then oxidizing the combustible substance 
contained in the waste gas with a reactor for oxidation and supplying the effluent gas from the reactor to the heat 
exchanger, and effecting exchange of heat between the waste gas and the effluent gas. 

[0063] Since the process for the production of (meth)acrylic acid or an ester thereof generates a gas containing an 
40 easily blocking substance, the waste gas finally emitted contains a combustible substance which is an easily blocking 
substance. When this waste gas is released into the ambient air, It brings an environmental pollution due to the offensive 
odor and the physical properties of the blocking substance itself. On account of these adverse effects of the waste 
gas, it is commendable to discard this waste gas after it has been treated tor decomposition by oxidation. For the 
efficient utilization of the thermal energy, therefore, the method for preventing the btockage contemplated by this in* 
4S vention proves effective. 

Experiment 

[0064] Now, this invention will be described more specifically bek>w with reference to working examples. 

so 

Experiment 

[0065] The following examples invariably resorted to a procedure of producing , as a gas containing an easily blocking 
substance, acrylic acid by the reaction of catalytic gas phase oxidation and then, during the purification of the produced 
55 acrylic acid, testing the plate type heat exchanger by the use of the waste gas emanating from the step of purification 
to determine whether or not the gas gives rise to a blockage therein. 

[0066] The waste gas so used was composed of 0.5 - 1 .0 vol. % of hydrocarbons, 0.5 - 1 .0 vol. % of carbon monoxide, 
1 .0 - 1 .5 vol. % of carbon dioxide. 1 5 - 25 vol. % of steam. 0.5 - 2.0 vol. % of oxygen. 0.2 - 0.5vol. % of easily blocking 
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substances such as organic acids, and the balance of nitrogen. 

[0067] Fig 7 is a diagram schematically illustrating one example of the flow in an apparatus for disposing of the 
waste gas by means of the reaction of a catalytic oxidation provided with a plate type heal exchanger. The waste gas 
(temperature 60''C) of the composition mentioned above was forced through a first plate type heat exchanger (wherein 

5 the lowest temperature ol the gas containing the easily blocking substance was SC^C and the lowest temperature of 
the other gas was 1 00°C) and a second plate type heat exchanger (wherein the lowest temperature of the gas containing 
the easily blocking substance was ISO^^C and the lowest temperature of the other gas was 200°C) by the use of a 
waste gas blower so as to burn the combustible substance contained In the gas by means of a reactor for catalytic 
oxidation. The plates in the heat exchangers were invariably formed of stainless steel (SUS 304). In the reactor for 

10 catalytic oxidation, a known oxidizing catalyst having such noble metals as platinum and palladium as active compo- 
nents was used to burn the combustible component of the gas. It ts naturally permissible to use an oxidizing catalyst 
having such heavy metals as manganese and cobalt as active components instead. Part of the discharged gas from 
the reactor consequently formed was passed through the second plate heat exchanger and utilized for preheating the 
waste gas. The discharged gas was advanced through the recycle blower and then fonwarded by suitably manipulating 

IS the valves 180 and 190 to the reactor for catalytic oxidation or to the heat recovery device which will be described 
specifically herein below The remainder of the discharged gas from the reactor was forwarded to the heat recovery 
device. The gas emanating from the heat recovery device was passed through the first heal exchanger and utilized 
therein for preheating the waste gas and thereafter released through the stack. Incidentally in the first plate type heal 
exchanger, the waste gas containing the easily blocking substance had a dew point of 55* C. 

20 [0068] In the port lor introducing the waste gas containing the easily blocking substance into each of the plate type 
heat exchangers, a dispersion plate having a cross-sectional area 1 .3 times the cross-sectional area of the port for the 
introduction of the gas, an opening ratio of 25%. and an area ot 490 mm^ In each of the openings fomned in the plate 
by perforation was disposed at a position at which the distance between the port for the introduction of the gas and 
the dispersion plate was 0.6 times the diameter of the port for the introduction of the gas and the distance between 

2S the dispersion plate and the heat exchanger was 2.0 times the distance between the port for the introduction of the 
gas and the dispersion plate. 

[0069] The degree of blockage was used as the criterion for rating the effect of the method for preventing the plate 
heat exchanger from blockage. The degree of blockage was defined as follows in consideration of the variation in the 
size of the plate type heat exchanger and the amount of the gas to be treated. 

30 

Degree of blockage (mg/Nm^) = Amount of deposit 
adhering to the plate type 

heat exchanger (mg)Aotal amount of the gas treated 

(Nm^) 

40 [0070] The first plate type heat exchanger was tested for the degree of bkxikage. The results are shown in Table 1 
below. 



Table 1 



Example 


Flow path on 
plate Width (mm) 


Average flow rate 

(m/s) 


Dispersion plate 


Degree of blockage 
(mg/Nm^) 


Remarks 


1 


8.0 


5.6 


equipped 


<0.01 




2 


6.0 


3.6 


equipped 


0.06 




3 


5.0 


4.3 


equipped 


0.89 


Pressure loss 
began to rise on 
second day and 
stopped on eight 
day 



iSOOCID; <EP 1079194A2J_> 



11 



EP 1 079 194 A2 



Table 1 (continued) 





Example 


rlow pain 
plate Width (nrim) 


Mverage tiow raie 
(m/s) 


uispersion piaie 


L/eglccOI DKJUKdgc 

(mg/Nm^) 




5 


4 


8.0 


2.7 


equipped 


0.86 


Pressure loss 
began to rise on 
second day and 
stoDoed on twelfth 

day 


10 


5 


8.0 


5.6 


none 


0.03 




16 


6 


5.0 


4.3 


none 


1.03 


Pressure loss 
began to rise on 
first day and 
stopped on third 
day 



[0071] In Table 1 , Example 6 represents a comparative example. 

[0072] In the examples not particularly specified, the deposit was weighed after one month's stop of operation. The 
deposits formed on the samples of Examples 5 and 6 showed lack of uniformity. On the plates of the other examples, 
deposits formed unitormly. 

[0073] In the specification, substiluent groups given in parenthesis are optional. Thus, the term (meth) acrylic acid 
encompasses both acrylic acid and (melh) acrylic acid and the term "meth" acrolein encompasses both acrolein and 
(meth) acrolein. Also, the unit "Nm^" means cubic metres at O^'C and 1 atmosphere (9.6 KPa). 



Claims 



1 . In an apparatus provided with a plate type heat exchanger as a heater and/or a cooler and operated to treat a gas 
containing an easily blocking substance, a method for preventing said plate type heat exchanger from being 
blocked, characterized by 

I) setting the width of a flow path on a plate of said plate type heat exchanger In said apparatus in a range of 
6 - 25 mm and 

ii) setting the average flow rate of the gas passing said plate type heat exchanger In said apparatus per unit 
cross-sectional area of said flow path on the plate in the range of 3 - 15 m/s. 

2. A method (or heat-exchanging a gas containing an easily blocking substance by the use of a plate type heat 
exchanger, characterized by 

40 

i) setting the width of a flow path on a plate of said plate type heat exchanger in a range of 6 - 25 mm and 

ii) setting the average flow rate of the gas passing said plate type heat exchanger per unit cross-sectional area 
of said flow path on the plate in the range of 3 - 15 m/s. 

3. A method according to claim 1 or 2, wherein the port in said plate type heat exchanger tor introducing said gas 
containing an easily blocking substance is possessed of a gas dispersion plate. 

4. In the exchange of heat of an easily blocking substance by the use of a ptate type heat exchanger, a method for 
preventing said plate type heat exchanger from blockage, wherein said plate type heat exchanger has a gas dis- 
persion plate disposed in the port for Introducing a gas containing said easily blocking substance. 

5. A method according to claim 3 or 4, wherein the cross-sectional area of said gas dispersion plate is in the range 
of 1 .0 - 10.0 times the cross-sectional area of said port tor the introduction of the gas, and the distance between 
said port for the inlroductbn of the gas and said gas dispersion plate is in the range of 0.5 - 3.0 times the diameter 
of said port for the introduction of the gas and the distance between said gas dispersion plate and said heat 
exchange part is in the range of 1 .0 - 5.0 times the distance between said port for the introduction of the gas and 
said gas dispersion ptate. 
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6. A method according to any of claims 3 - 5. wherein said gas dispersion plate is a perforated plate having an opening 
ratio in the range o1 10 - 60%. and the area ol the individual openings in said perforated plate is in the range of 20 
- 1 000 mm2. 

7. A method according to any of claims 1 - 6. wherein the temperature of said gas containing an easily blocking 
substance in said plate type heat exchanger exceeds the dew point of said gas. 

8. A method according to any of claims 1.3-7. wherein said apparatus is used for exchange of heat in a process 
for catalytic gas phase oxidation of (meth)acryltc acid. 

9. A method according to any of claims 1,3-8. wherein said apparatus is used for disposing of a waste gas emanating 
from a process for the production of (meth)acrylic acid or an ester thereof. 

10. A method according to claim 9, which comprises introducing said waste gas into said plate type heat exchanger, 
then supplying a discharged gas resulting from the decomposition by oxidation of a combustible substance con- 
tained in said waste gas to said heat exchanger, and effecting exchange of heal between said waste gas and said 
discharged gas. 

11. A method of heating or cooling a gas containing a deposit forming component, comprising passing said gas be- 
tween opposed heat exchanging surfaces, wherein said surfaces are spaced apart by 6-25 mm and the flow rate 
of said gas between said surfaces is 3-15 m/s. 

12. A method of heating or cooling a gas, optionally containing a deposit forming component, comprising passing said 
gas through a heat exchanger having an inlet manifold communicating between a gas inlet port and an array of 
ducts each comprising a heat exchanging surface, wherein the manifold houses a gas dispersion plate arranged 
to intercept gas entering the heat exchanger via the inlet port and to distribute said gas amongst said ducts. 

1 3. A method as claimed in claim 11 or 1 2. wherein said gas is a product of at least one step In a process for producing 
(meth) acrylic acid, a (meth) acryclic acid ester, or (math) acrolein by catalytic gas phase oxidation. 

14. A method as claimed in any of claims 11-13, wherein the heat exchanging surfaces are defined by the heat ex- 
changing plates in a plate-type heat exchanger. 

15. Apparatus for producing (meth) acrylic acid, a (meth) acrylic acid ester, or (meth) acrolein by catalytic gas phase 
oxidation, comprising a heat exchanger as defined in any one of claims 11-14. 

16. A method for producing (meth) acrylic acid, a (meth) acrylic acid ester, or (meth) acrolein by catalytic gas phase 
oxidation, comprising a method as claimed in claim 13. 
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FIG. 3 
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FIG.4 




FIG.5 
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FIG. 6 
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FIG. 7 
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(54) Method for preventing plate type heat exchanger Irom blockage 



(57) in an apparatus provided with a plate type heat 
exchanger as a heater and/or a cooler and operated to 
treat a gas containing an easily blocking substance, a 
method for preventing the plate type heat exchanger 
from being blocked is disclosed which is characterized 
by i) setting the width of a flow path on a plate (1 A-1D) 
of the plate type heat exchanger in the apparatus in a 
range of 6 - 25mm and ii) setting the average flow rate 
of the gas passing the plate type heat exchanger in the 
apparatus per unit cross-seclional area of the flow path 
on the piate (1A-1D) in the range of 3 - 16m/s. In the 
exchange of heat of an easily blocking substance by the 
use of a plate type heat exchanger, a method for pre- 
venting the plate type heat exchanger from blockage is 
disclosed which has the plate typo heat exchanger pro- 
vided in the port for introducing a gas containing an eas- 
ily blocking substance with a gas dispersion plate (40). 
This invention, in the heat exchange of an effluent gas 
emanating from a process for the production of (meth) 
acrylic acid or an ester thereof or the disposal of the gas, 
significantly allays blockage of the interior of the plate 
type heat exchanger. 
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